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@ DISCRIMINATION TIMING CONTROL CIRCUIT.

@ A circuit for controlling the discrimination timing so that
it is best adapted for discriminating a multi-value signal. The
gradient of a multi-value signal is discriminated at a central
discrimination moment from the discrimination data at at
least three consecutive discrimination moments, lag in the
discrimination timing is determined from the gradient and an
error signal at the central discrimination moment, and the

" timing is so controlled that the shift in the phase of the dis-
crimination clocks decreases. Further, it is made possible to
perform two kinds of gradient discrimination, and the grad-
ient discrimination is effected alternatively depending upon
the condition of the circuit: i

Fig.2

EYE PATTERN AND DICISION WAY
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DECISION TIMING CONTROL CIRCUIT

TECHNICAL FIELD

The present invention relates to a decision timing
control circuit provided in the receiving side of the
radio data transmission system utilizing the

multi-level amplitude modulation method.

BACKGROUND ART

In the radio data transmission system utilizing
the multi-level amplitude modulation, for inStance, the
64-level quadrature amplitude modulation (QAM), binary
transmission data is distributed to 3 bits for I
channel and 3 bits for Q channel in the sending side.
The 3 bits of respective channels are subjected to b/A
conversion in the timing of predetermined clock and
these signals converted to 8-level signals both in the
I channel and Q channel. The 8-level signals Qf‘I and
Q channels are respectively transmitted after the
quadrature amplitude modulation..

A constitution of the receiving side is indicated
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in Fig. 1.
A demodulator 10 inputs a receiving signal Sin
from a receiver (not illustrated) and outputs the 8-

level signals S S of I and Q channels. The

ai’ “aq

8-level signals Sai' S of both I and Q channels are

aq
respectively input to data recovery circuits 20, 30 of
I and Q channels and. the I channel signal is also input
to a bit timing recovery circuit (BTR) 40. The bit
timing recovery circuit 40 rectifies the 8-level signal
S,; ©of I channel with a full-wave rectifier 41 to
generate the clock element. The full-wave rectified
signal is then input to a phase comparator 43 together
with an output of a voltage controlled oscillator (VCO)
42. A phase difference signal output from the phase
comparator 43 is applied as a control voltage to VCO 42
through a low-pass filter 44. Thereby, VCO 42 outputs
the clock signal CLK which is synchronized with the
8-level signal S4; of I channel.

Meanwhile, the data recovery circuit 20 of I
channel inputs the 8-level signal 5.3 of I channel to
the A/D converter 22 provided as a decision circuit
through an equalizer 21. The A/D converter 22 inputs

the clock CLK sent from the bit timing recovery circuit

40 through a variable phase shifter 23, decides the
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8-level signal S,; of I channel input in the timing

of clock CILK and converts it into a binary digital

signal, and outputs the 1 bit lower than the upper 3
bits as the decision error signal &€ with such ﬁpper 3
bits used as the decision data Sq-

Moreover, the data recovery circuit 30 of Q

channel has the structure similar to that of the data

recovery circuit 20 of I channel.

For the radio communication system, it is necess-
ary to limit the freguency band of sending signal and
therefore a filter is used in the sending side. Accord-
ingly, the 8-level signal demodulated in the receiving
side has the gentle waveform in place of the rectangu-
lar waveform. As a result, the 8-level signal
demodulated has the eye patter indicated in Fig. 2 and
the eye aperture A is rather narrow.

As the decision timing deviates from the center of
such aperture A, the error rate becomes worse. There-
fore, the phase bf recovered clock is adjusted manually
with the variable phase shifter and it is fixed when

decision is carried out at the optimum decision timing

Ts.

However, here lies a problem that it is likely: -

that the clock phase deviates, even after it is once
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fixed, from the optimum decision timing due to tempera-
ture change or voltage variation and it is difficult to
quickly match the clock phase and qptimum decision
timing during the pulling-in period in the initial
stage of data transmission or when intersymbol inter-
ference due to the fading sometimes appearing
increases.

In addition, there rises a problem that the

demodulated multi-level signal S,; (S,4) 1s disturbed

aqg’ -
during pulling-in period or when iﬁtersymbol inter-
ference increases, a number of credible signal points
which are required to control synchronization between
clock phase and optimum decision timing is a little and
thereby a longer time is required until the end of
control for matching.

Furthermore, it is also a problem that adjustment
of equalizer 20 makes complicated and large scale hard-
ware structure of equalizer.

In order to solve such problems, a decision timing
control circuit indicated in the Japanese Patent Appli-
cation No. 141856/1986 has been proposed. However,
since this decision timing control circuit monitors

information corresponding to an error rate and controls

the phase of clock to reduce such information, the
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direction of phase shift is not determined directly

from the decision digital signal and phase shift

direction is determined by "Trial and Error".
Therefore, such control is complicated and easily

receives influences of line conditions.

DISCLOSURE OF THE INVENTION

It is a first object of the present invention to
provide a circuit which automatically controls the
decision timing in the receiving side of the radio data
transmission system, considering the problems of prior
art explained above. It is a second object of the
present invention to provide a decision timing céntrol
circuit which assures quick and accurate synchronizat-
ion of timing even under the conditions other than the
normal condition, for instance, during the pulling-in
condition or when intersymbol interference increases.
It is a third object of the present invention to pro-
vide a decision timing control circuit to directly
obtain information about the deviating direction of
timing from the data decided. Moreover, it is a fourth
object of the present invention to provide a decision

timing control circuit which may be formed by a simple

circuit structure.
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In view of attaining the objects explained above,
the present invention controls decision timing by
deciding slope of multi-level signal at the center
decision timing TO from the decision data Sd—’ SdO' Sd+
in at least three continuous decision timings T—l’ TO’
T, and deciding deviation of decision timing from such
slope and error signal € of decision timing Ty - There-
by, adequate decision of slope is carried out
respectively when the line condition is normal and
deteriorated. Under the normal condition, the slope
can be decided from the monotonous increase or
decrease, and when the line condition is deteriorated,
the slope can be decided depending on high or low level
of decided data before and after the demodulated multi-
level signal which is higher than the highest decision

level or is lower than the lowest decision level.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a blbck diagram indicating the structure
of the receiving side of the prior art; -

Fig. 2 indicates an eye pattern and decision way:

Fig. 3 is a basic block diagram of the present

invention;

il



10

15

20

b i

0296253

Fig. 4 indicates an example of slope decision in
the present invention;

Fig. 5 indicates relationship between slope,
deviation of decision timing and decision error signal;

Fig. 6 is a block diagram of a first embodiment.of
the present invention;

Fig. 7 indicates another exmaple of slope discri-
mination in the present invention;

Fig. 8 is a block diagram of a second embodiment
of the present invention;

Fig. 9 is a block diagram of a third embodiment of
the present invention;

Fig. 10 is a basic block diagram of a fourth
embodiment of the present iﬁvention; and

Fig. 11 is a detail block diagram of the fourth

embodiment of the present invention.

BASIC CONSTITUTION OF THE PRESENT INVENTION

Fig. 3 indicates the basic constitution of the
present invention.

The decision circuit 50 inputs a multi-level
signal S, and outputs decision data Sq and decision

error signal £ . When a number of levels of multi-
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level signal is determined as 2", the decision data Sq
becomes a binary digital signal of n bits. The deci-
sion error signal indicates that the input multi-level
signal corresponds to the upper or lower range than the
center in the range decided in each level. For
example, in the case of 8-level signal, three bits Bl~
B3 indicate to which level in the 8 levels (L1~L8) the
input signal is near as indicated in Fig. 2 and one bit
B4 lower than the decision data is output as the
decision error signal €.

The slope decision means 60 decides slope of
multi-level signal at the center decision timings from
the decision data of at least continuous three decision
timings and outputs a slope indication signal (7))
which indicates such slope is positive or negative.

For instance, as indicated in Fig. 4, in case the
levels indicated by the deéision data at the continuous
three decision timings T—l’ TO' T+l increase monoto-
nously like the line (a), the slope at the decision
timing Ty is positive. Moreover, the levels decrease
monotonously like the line (b), the slope at the
decision timing T is negative. But, in case the
levels are once decreased and thereafter increased, the

slope cannot be defined and becomes unclear.

n

il L
‘,.f" !‘; .
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A lead/delay decision means 70 decides whether
the decision timing of decision circuit 50 is leading
or delayed from the optimum decision timing Tg from the
slope indication signal and decision error signal £ at
the center decision timing and outputs a phase decision
signal P. For instance, in the case of positive slope
indicated by a solid line in Fig. 5, the decision error
signal becomes 0 when the decision timing by the clock
CLK is leading the optimum decision timing T, or be-
comes 1 when it is delayed. On the other hand, in case
the slope is negative as indicated by a broken line,
relationship between the lead and delay of decision
timing and 1, 0 of the decision error signal & is
reversed from that of positive slope. Thereby, lead or
delay of the decision timing can be decrided from posi-
tive or negative slope and decision errior signal &.

A clock generating means 80 generates the clock
for decision to send it to the decisicn circuit 50 and
changes phase of clock on the basis of the phase

decision signal P sent from the lead/delay decision

means 70.
First Embodiment:

A structure of the first embodiment of the present

invention is indicated in Fig. 6.
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The A/D converter 51 is corresponding to the
decision circuit 50 of Fig. 3 and inputs the 8-level
signal Sa and outputs the decision data Sd and decision
error signal € indicated in Fig. 2. .

The delay circuits 61, 62 and ROM 63 correspond to
the slope decision means 60 of Fig. 3 and the decision
data Sd is sequentially input to the cascaded delay
circuits (T)VGl and 62,

As a delay circuit, a D type flip-flop may be
used. When the decision dataroutput from the delay
circuit 61 ig the decision data 8q0 at the center deci-
sion timing, the decision data Sd— which has appeared
before one clock is output from the delay circuit 62
and the deqision data Sq+ Which appears after one clock
is input to the delay circuit 61. These three decision
data Sd_, S@O' Sd+ are input to ROM 63 as the adresses.
In the case pf 8-level signal, the address of ROM 63
becomes 94ﬁits since the decision data is formed by 3
bits. Gontents cf X énd Y of ROM 63 are respectively
slope polarity signal Yl of one bit and validity signal
Y, of one hit. These slope polarity signal r, and
validity signpal XZ correspond to the slope indication
signal ¥ . The slape polarity signal Yl becomes "1" for

positive slope gr "0" for negative slope. The validity
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display signal VZ becomes "1" when the slope polarity
sigal rl is valid or "0" when it is invalid. For
example, in the case of curve (a) of Fig. 4, S4-
becomes "100", Sdo becomes "101l" and Sd+ becomes "110"
and the slope is positive. Therefore, contents X, Y of
address "100101110" of ROM 63 respectively become "1%,
"1". 1In similar, contents X, Y of address "101011001"
for the line (b) become "0", "1" and contents X, ¥ of
address "011001100" for the line (c) become "0" or "1™

and "0". When Y = "0", content of X may be "0" or "1®

since it does not give any influence on the succeeding

circuits. For the other addresses, X = "1", Y = "1" can
be obtained for monotonous increase, while X = "0", Y =
"1" for monotonous decrease and X = "0" or v, ¥ = "Q"

for the slopes other than monotonous increase and
monotonous decrease.

An exclusive OR circuit 71, delay circuit (T) 72,
AND circuit 73 and D type flip-flop (FF) 74 correspond
to the lead/delay decision means 70 of Fig. 3. The
slope polarity signal Vl sent from ROM63 is input to
the one input terminal of exclusive OR circuit 71,
while the decision error signal€ is input to the other
input terminal through the delay circuit 72. The delay

circuit 72 is provided to synchronize the decision
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error error signal £ to the timing of inputting the
decision data Sgp at the center decision timing to ROM
63. B2n output of the exclusive OR circuit 71 becomes
"0" which indicates that the decision timing is delayed
when the slope polarity signal Yl is "0" and decision
error signalf is "0" and when the slope polarity signal
Tl is "1" and decision error signal & is "1" and becomes
"1" which indicates that the decision timing is leading
in other cases. Meanwhile, the validity signal 72 is
converted to the RZ (Return to Zero) signal by the AND
circuit 70 and is then input to the clock terminal C of
D type flip-flop. Thereby, an output of the exclusive
OR circuit 71 is newly held in the D type flip-flop 74
when the validity signal is "1". 1If the validity
signal Tz is "0", the o0ld value is still held. The
value held in the D type flip-flop 74 is output as

the phase decision signal P.

A bit timing recovery circuit 81, integrator 82
and phase shifter 83 correspond to a clock generating
means 80. The clock recovery circuit 81 is similar to
the bit timing recovery circuit (BTR) 40 indicated in
Fig. 1 and recovers the clock from the 8-level signal

S, to output it. The integrator 82 integrates the

"phase decision signal P. The phase shifter 83 shifts

o =2
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the recovered clocks depending on the integral value
and outputs it to the A/D converter 51 as the decision
clock CLK. Thereby, the clock CLK is controlled in
such a manner as the decision is always carried out in
the optimum decision timing.
Second Embodiment:

In realization of the slope decision indicated in
Fig. 4, if line condition is bad and decision of the
center decision timing T, is conducted at the next
level, the decision error signal has reverse polarity
and decision timing control error may be generated.

Fig. 7 indicates an example of élope decision
which is suitable for bad line condition. When the
8-level signal changes as the line I indicates, namely,
when the level of decision data at the decision timing
T_, is lower than the center level L.s the level of
decision data at the decision timing T, is maximum
level 1.8 and the level of decision data at the decision
timing T+l is higher than the center level Lc’ it is
impossible that the signal to be decided in the level
higher than that at the decision level Ty is decided in
the level lower than the actual level. Therefore, when
the decision error signal £ is "1", such information

has high reliability and it is also reliable that slope
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is positive. BAs explained above, when the level of
decision data at the decision timing Ty is maximum
level and the decision error signal € is "1" and when
the level of decision data at the decision timing Ty is
minimum level and the decision error signal £ is "0%,
the decision error signal & has high reliability. When
the level of decision data at the decision timing T_4
and the level of decision data at the decision timing
T+l are opposed to each other afound the cenfer level

L it is very much reliable to make decision for posi-

c!
tive or negative slope at the decision timipg Tg-
Namely, the decision error signal €& has very high
reliability when the decision error signal & is "1" in
the waveform in such a type as indicated by the line I
or II in Fig. 7 and when the decision error signal & is
"0" in the waveform in such a type as indicated by the
line III or IV, and moreover the waveform indicated by
the line I or III has high reliability of positive
slope, while the waveform indicated by the line II or
IV has high reliability of negative slope.

Fig. 8 indicates a constitution of the second

embodiment of the present invention.

As a decision circuit 50, lead/delay decision
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means 70 and clock generating means 80, the circuits

indicated in Fig. 6 may be used.

The delay means 61, 62, 65, ROM 64, inverse

exlcusive OR circuit 66 and OR circuit 67 correspond to

the slope decision means 60 of Fig. 3 and conduct slope
decision indicated in Fig. 7. Operations of delay
circuits 62 and 62 ére same as those of Fig. 6. As the
contents X of ROM64, the slope polarity signal Yl is
written, while the data "1" is written in the address
corresponding to the type of lines II and IV and the
data "0" in the address corresponding to the type of
lines II and IV. As the contents Y of ROM64, the data
"1* is written in the address corresponding to the type
of lines I, II, III and IV and the data "0" in the
other addresses. The content Z indicates that the
decision data at the decision timing T, corresponds to
the maximum level or minimum level, and the data "1" is
written in the address corresponding to the type of
lines I and II, while the data "0" in the address
corresponding to the type of lines III and IV. The Z
output of ROM64 and the decision error signal & at the
decision timing T, sent through the delay circuit 65
are input the inverse exclusive OR circuit 66. The

exclusive NOR circuit 66 outputs "1" when the Z output
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of ROM64 is "1" and the decision error signal € is "1,
and when the Z output of ROM64 is "0" and the decision
error signal € is "0" and also outputs "0" in other
cases. Both outputs of exclusive NOR circuit 66 and Y
output of ROM64 are input to the AND circuit 67.
Thereby, an output of the AND circuit 67 becomes "1™
for the type indicated by lines I and II and for the
decision error signal &€ of "1" and becomes "0" for
other cases. Accordingly, an ogtput of the AND
circuit 67 may be used as the validity signal f2.
Moreover, the X output of ROM64 may be used as the
slope polarity signal Tl.

Third Embodiment:

In the clock recovery circuit 81 of the embodiment
indicated in Fig. 6, VCO 42 controls the oscillation
frequency (phase) based on the phase difference signal
sent from a phase comparator 43 as indicated in Fig. 1.
An output of VCO 42 is further phase-controlled by the
phase shifter 83 of Fig. 6. Therefore, the phase
control is carried out at the two points for the clock
CLK and this circuit struciure is not effective.

Fig. 9 is the structure of the third embodiment.
As the decision circuit 50, slope decision means 60 and

lead/delay decision means 70, the circuits indicated in
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Fig. 6 may be used.

The integrator 84 and VCO85 corresponds to a clock
generating means 80 indicated in Fig. 6. The integ-
rator 84 integrates the decision signal P sent from the
lead/delay decision means 70. VCO85 oscillates with he
frequency corresponding to an integral value and out-
puts the decision clock CIK to the decision circuit
50. The integrator 84 operates in common as the integ-
rator 82 of Fig. 6 and the low-pass filter 44 of Fig.
1. Thereby, the full-wave rectifier 41 and phase
comparator 43 of Fig. 1 and the phase shifter 83 of
Fig. 6 may be omitted.

Fourth Embodiment:

Fig. 10 is a basic constitution of the fourth
embodiment of the present invention. 1In Fig. 10, a
line condition decision means 90 is provided in addi-
tion to'the constitution indicated in Fig. 3 in this
embodiment and the first slope decision méans 60__l and
the second slope decision means 60_2 are provided as
the slope decision means 60 to select the one of these
slope decision means 60_1, 60_2 in accordance with the
line condition. As the decision circuit 50, lead/

delay decision means 70 and clock generating means 80,

the circuits similar to those of Fig. 6 may be used.
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Fig. 11 indicates detail constitution of the
fourth embodiment of the present invention. The inter-
nal constitution of the slope decision means 60_; of
Fig. 1 and that of the slope decision means 60__2 of
Fig. 2 are respectively similar to that of the slope'
decision means 60 of Fig. 8. However, ROM63 and ROM64
are respectively provided with the enable terminals
(Eﬁ, EN) and these are driven when "0" and "1" are
respectively input to these terminals. These circuits
stop the operations when "1" and "0" are respectively
input to such terminals. Moreover, the delay circuits
61 and 62 are used in common by the first and second
slope decision means 60_1, 60_2.

The exclusive NOR circuit 91, integrator 92 and
comparator 93 correspond to the line condition decision
means 90 of Fig. 10.

The A/D converter 52 corresponds to the decision
circuit 50 of Fig. 3 and outputs not only the decision
data Sd and decision error signal but also the sub-
decision error signal £€f. The sub-decision error
signal &' indicates whether the multi-level signal
exists in the upper or lower range when the range
sectioned by the decision error signal &€ is further

divided into two sections, and the signal becomes "1"
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and "0" for respective ranges. Such signal can be
obtained as the 5th bit B5 for decision circuit of the
8-level signal.

When the decision error signal € is "1" and the
sub-decision error signal €' is "1", the input level to
the A/D converter 52 is in the higher range among two
ranges having the levels higher than the correct deci-
sion level. 1In similar, when the decision error signal
& is "0" and sub-decision error signallg' is "0", an
error from the correct decision level is large. On the
other hand, when the decision signal .and sub-decision
error signal £' are respectively "1" and “0" or "0" and
"1", an error from the correct decision level is small.

The exclusive NOR circuit 91 outputs "1" when the
decision error signal € and sub-decision error signal &'
are respectively "0" and "0" or "1" and "1", namely
when error from the correct decision level is large,
and also outputs "O0" when the decision error signal
and sub-decision error signal &' and sub-decision error
signal are respectively "0" and "1" or "l"'and "0",
namely when error from the correct decision level is
small.

An integrator 92 integrates output "1" of the

exclusive NOR circuit 91 with the predetermined time
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constant. The comparator 93 compares such integrated
value with the reference voltage V. and outputs "1"
when the integrated value is larger or "0" when the
integrated value is smallert That is, when the error
from the correct decision level often becomes large,
the integrator decides that the line condition hasr
changed bad and outputs “iv.

While the comparator 93 outputs "0", ROM63 of the
first slope decision circuit 60_l is driven to realize
the slope decision explained in regard to the first
embodiment and outputs the slope polarity signal Tl and
validity signala’2 respectively through the OR circuits
68 and 69. In this case, the probability for input of
the waveform which makes valid the slépe polarity
signal becomes high comparatively.

While the comparator 93 outputs "1", ROM64 bf the
second slope decision circuit 60_, is driven to realize
the slope decision explained in regard to the second
embodiment and outputs the slope polarity signal Yl'and
validty signal Yz respectively through the OR circuits
68 and 69. 1In this case, the probability for input of
waveform which makes valid the slope polarity signal is
low but reliability of slope decision when it becomes

valid is high and large effect can be obtained when the
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line condition becomes bad.

In each embodiment explained above, the slope.
decision is carried out on the basis of the decision
data of three continuous decision timings but it may
also be done on the bais of the decision data of three -

or more decision timings.
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CLAIMS:

1. A decision timing control circuit, in the
radio data transmission system wherein the sending side
transmits the signal through multi-level amplitude
modulation of send data with the carrier while the re-
ceiving side obtains the send data by deciding the
multi-level signal demodulated with a decision circuit
which also outputs a decision error sigal (£ ) indicat-
ing whether the demodulated multi-level signal is
higher or lower than the correct decision level in
addition to such send data (Sd) decided in the timing
of recovered clock, comprising:

a slope decision means (60) which is operatively
connected with the decision circuit (50) and outputs a
slope indication signal (£ ) which decides slope of
multi-level signal at the center decision timing on the
basis of the decision result (84} in at least three
continuous decision timings and indicates whether slope
is positive or negative,

a lead/delay decision means (70) which is opera-
tively connected with the decision circuit (50) and
slope decision means (60) and outputs the phase deci-
sion signal (P) by deciding whether the decision

timing at the decision point is leading or delayed from

Jh
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the decision error signal (€ ) at the center decision
timings and the decided slope () ), and

a clock generation means (80) which is operatively
connected with the lead/delay decision means (70) and
the decision circuit (50) and generates the phase—
controlled clock (CLK) based on the the phase decision

signal (P) to be sent to the decision circuit (50).

2. A decision timing control circuit according
to claim 1, 'wherein. the slope decision means (60)
outputs, as the slope indication signal (¢ ), the
slope polarity signal (Xi) which indicates the positive
slope when the decision data (54) of decision circuit
(50) increases monotonously or the negative slope when
it decreases monotonously and the validity signal (ré)
which indicates validity of slope polarity signal when
the decision data (Sd) increases or decreases monoto-
nously or invalidity of slope polarity signal when it

does not increase or decrease monotonously.

3. A decision timing control circuit according
to claim 1, wherein the slope decision means (60) out—
puts, as the slope indication signal (¥), the valid-

ity signal (fé) which indicates validity when the
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decision data (S44) at the center decision timing (Ty)
in the decision circuit (50) has the maximum or minimum
level, the decision data (Sd_) at the preceding deci-
sion timing (T_;) and the decision data (84,) of the
succeeding decision timing (T+l) have the levels
opposed to each other around the center level and the
error bit (£ ) higher than the maximum level or lower
than the minimum level, or indicates invalidity in
other cases and the sloperpolarity signal (Yi) which
indicates the positive slope when the decision data
(534) at the succeeding decision timing (T+l) is higher
than the decision data (55 ) at the‘preceding decision
timing (T_;) in case the validity signal (r,) indicates
the validity or indicates the negative slope when ﬁhe
decision data (54,) at tﬁe succeeding decision timing
(T,y) is lower than the decision data (Sa_) atrthe

preceding decision timing (T_4).

4. A decision timing control circuit according
to any of the claims 1 to 3, further comprising a line
condition decision'means (90) which is,operatiVély con-
nected with the slope decision means (60) and decides
line conditioﬁ to output the decision result to the

slope decision means (60), wherein the slope decision
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means (60) comprises a first slope decision means
(60_;) and a second slope decision means (60_,) any one
of which is selectively driven in accordance with the

decision result of line condition.

5. A decision timing control circuit according
to any of the claims 1 to 4, wherein the lead/delay
decision means (70) decides lead or delay of decision
timing from exclusive OR between the decision error
signal (&€ ) sent from the decision circuit (50) and the
slope polarity signal (Vi) sent from the slope decision
means (60) and holds the decision result as a new deci-
sion result when the validity signal (Té) sent from the
slope decision means (60) indicates validity or holds
the old decision result as it is when the validity
signal (fé) indicates invalidity.

6. A decision timing control circuit according
to any of the claims 1 to 5, wherein said clock gene-—
ration means (80) comprises a bit timing recovery
circuit (81) which recovers the clock from multi-level
signal, a integrator (82) which integrates the phase
decision signal (P) and a phase shifter (83) which
shifts phase of clock recovered on the basis of the
integrated value to output to the decision circuit

(50).
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7. A decision timiné control circuit according
to any of the claims 1 to 5, whérein the clock generat-
ion means (80) comprises a integrator (84) which
integrates the phase decision signal (P) and an oscil-
lator (85) which oscillates with the frequenéy

corresponding to the integrated value.
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Fig.2
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Fig. &
EXAMPLE OF SLOPE DISCRIMINATION IN PRESENT INVENTION
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5/7
Fig.7
ANOTHER EXAMPLE OF SLOPE DISCRIMINATION IN PRESENT INVENTION
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BLOCK DIAGRAM OF SECOND EMBODIMENT OF PRESENT INVENTION
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6/7
Fig.9
BLOCK DIAGRAM OF THIRD EMBODIMENT OF PRESENT INVENTION
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